appear to play a role in regulating the release of neurotransmitters. 3 Consequently, ATP can enhance both long-term potentiation and long-term depression, although it may differentially affect synaptic plasticity depending upon which type of receptor it activates and whether that receptor is located pre-or postsynaptically. [3] [4] [5] [6] Thus, ATP receptor localisation at central nervous system synapses is critical but, for the most part, unknown.
ATP has been shown to activate a ligand-gated ion channel in cholinergic nerve terminals. 7 Furthermore, in neurohypophysial terminals, exogenously applied ATP has been shown to directly increase intracellular calcium, which presumably is responsible for the observed release of vasopressin and, to a lesser degree, oxytocin. 8 Vasopressin is a vasoconstrictor and an antidiuretic, 9 which has also been implicated in social behaviours, 10 stress, and learning and memory processes, 11 as well as in the development and maintenance of tolerance to ethanol. 12 We have previously shown that vasopressin-containing neurohypophysial terminals (NHTs) have P2X2, P2X3, P2X4 and P2X7 receptors and that the majority of the ATP-induced current is a result of activation of the P2X2 and P2X3 receptors, although only P2X7
receptors colocalise to oxytocin-containing terminals. 13 These purinergic receptor types are all known to be cation (eg, Na + and Ca
selective. , 15 what are the intraterminal mechanisms for each receptor? Furthermore, and importantly, because extracellular Ca 2+ is depleted during physiological activity, 16 such differences in dose, kinetics and intracellular mechanisms could play an important role during bursting stimulation of neuropeptide release from these NHTs.
| MATERIAL S AND ME THODS

| Isolation of nerve endings
Male Sprague-Dawley CD rats (Taconic Farms, Germantown, NY, USA), weighing 200-250 g, were immobilised and immediately decapitated. 17 Briefly, the animals were killed by decapitation with a guillotine in accordance with the guidelines laid down by the Step; Warner Instruments, Hamden, CT, USA), using a gravity driven sewer-pipe perfusion system, followed by a 60-second rinse inter- 
| Peptide release experiments
.4 | MATERIAL S
ATP, PPADS and BBG were purchased from Sigma-Aldrich (Saint Louis, MO, USA).
| RE SULTS
| ATP-dependent currents
Exposure of isolated NHTs to 50 μmol L -1 ATP induces fastactivating, slowly-inactivating inward currents (Figure 1) . A large current component (91%) is Na + -dependent, whereas Ca 2+ is the main permeating cation in the remaining current ( Figure 1A ). The amount of extracellular calcium has a significant impact on the cur- the ATP-dependent current ( Figure 1C) . A comparison 20 of the normalised inward currents indicates that rectification is dependent on both Na + and Ca 2+ ( Figure 1D ) and also reveals differences in reversal potentials (see Discussion).
| ATP-dependent neuropeptide release
To 
| ATP receptor types
To determine which receptor subtypes might be responsible for the different release compontents, the effect of selective P2X receptor antagonists on the calcium and sodium-dependent ATP evoked AVP release was tested. NHTs were pretreated with PPADS or BBG prior to ATP stimulation. The ATP-induced calcium-dependent transient increase in AVP release was significantly (P < .01) ( Figure 3A increase, respectively). This is a dose that can block P2X2 and P2X3 receptors but not P2X4 or P2X7 receptors, all of which are present in rat NHTs. 13 Importantly, the ATP-induced calcium-independent, sodium-dependent sustained increase in AVP release was not affected (P > .5) ( Figure 3A ,B) by pretreatment with PPADS.
Pretreatment of rat NHTs with the selective P2X7 receptor antagonist BBG (100 nmol L -1 ) had no effect (P > . To confirm that the sustained sodium-dependent AVP release component is mediated by P2X7 receptors, we exposed terminals 
| D ISCUSS I ON
ATP-receptor subtypes P2X2, P2X3, P2X4 and P2X7 are found in AVP-containing NHTs. 13 However, only P2X7 receptors are found in oxytocin-containing NHTs. 19 All of these purinergic receptor types are known to be cation selective. 14 The permeant ions for P2X receptors are ordered in selectivity according to Eisenman's sequence IV (K + > Rb + > Cs + > Na + > Li + ) and the channels are essentially impermeant to N-methyl-d-glucamine, Tris and tetraethylammonium. 2, 14 In the present study, we have shown that both Na + and Ca
2+
are permeable through these NHT receptors (Figure 1 ), although to varying degrees. The ATP-induced current in NHTs has both Na + and Ca 2+ components, with Na + being by far the largest component ( Figure 1A) . Furthermore, Ca 2+ inhibits the ATP-induced Na + current ( Figure 1B ). This is in good agreement with previous findings In accordance with the above permeabilities, we determined whether Na + and/or Ca 2+ might contribute to the ATP-stimulated release of AVP from NHTs (Figure 2 ). High concentrations of ATP in NL buffer resulted in an initial transient release of AVP followed by a sustained release of AVP (Figure 2A ). Replacing NaCl with NMDG-Cl had no effect on the ATP-induced transient increase in AVP ( Figure 2B ) release, although it diminished the sustained release of AVP ( Figure 2B ). Removal of extracellular calcium had no effect on the ATP-induced sustained release of AVP ( Figure 2C) but completely abolished the ATP-induced transient increase in AVP ( Figure 2C) . It also appears that the removal of sodium enhances the transient response and the removal of calcium appears to enhance the sustained response ( Figure 2D) . Thus, the ATPinduced initial increase in AVP release was calcium-dependent and the late increase in AVP release was calcium-independent but sodium-dependent. 
* Given that the known NHT purinergic receptors have different Ca 2+ vs Na + permeabilities and calcium fractional percentages, 14, 20 we aimed to determine which subtype(s) might be responsible for the observed currents and neuropeptide release components (Figure 3 ).
The ATP-induced inactivating current in NHTs has been shown to be sensitive to the P2X2 and P2X3 receptor antagonist PPADS, whereas the ATP-induced sustained current was insensitive to PPADS. 13 The calcium-dependent ATP-induced release was sensitive to PPADS ( Figure 3A,B) , whereas the sodium-dependent ATP-induced release was insensitive to PPADS ( Figure 3A,B) . Thus, this initial component
of AVP release appears to be a result of P2X2 and P2X3 receptors ( Figure 3B ). The role of P2X2/3 receptors has also been demonstrated by specific knockouts on ATP-stimulated release. 21 Because BBG, at 10 nmol L -1 , has been shown to block only non-inactivating ATP currents, 19 we used this P2X7 receptor antagonist to determine whether the late component of release was mediated by this receptor type (Figure 4 ). BBG did not inhibit the Ca 2+ -dependent transient release ( Figure 4A ) but did inhibit the late sustained Na + -mediated response ( Figure 4B) . Furthermore, the sodium-dependent ATP-induced release of AVP was dependent on the dose of ATP ( Figure 5 ). The currents through P2X7 receptors, in contrast to those observed at other P2X receptors, require concentrations of ATP greater than 100 μmol L -1 to be activated. 14 Thus, this late component of AVP release appears to be a result of the P2X7 receptor.
P2X2 receptors are permeable to calcium with their P Ca /P Na approximately equal to 2.5. 22 This is less than P2X4 receptors but more than P2X3 receptors 20 as shown in other systems. P2X4 receptors are channels with a calcium permeability that is relatively high (approximately 4.2). However, the calcium contribution by this recep-
tors is approximately 8% of the total inward current under normal conditions. By contrast, the Ca 2+ vs Na + permeabilities and fractional percentage of current for P2X7 receptors are 0.7 and 2.8%, respectively. 14 Thus, the fractional current and permeability of Ca 2+ vs Na + is highest for the P2X2 and P2X4 receptors and lowest for the P2X7 receptor channel. This estimation provides a P Ca /P Na lower than expected for P2X2, P2X3 or P2X4 but higher than for P2X7 alone. Thus, the latter purinergic receptor, even in AVP terminals, appears to be contributing in some measure to Ca 2+ permeability. Regrettably, it is not straightforward to make an accurate measurement of the Ca 2+ permeability of the P2X receptors because of the current block that Ca 2+ causes ( Figure 1B) . In any case, the differential effects of ATP on neuropeptide release cannot be explained solely by these properties; however, they might be explained by receptor localisation and utilisation of different intra-terminal release mechanisms. 23 It is also important to emphasise again that Na + can cause release independently of Ca
. 15 Accordingly, these results show that rat isolated NHTs exhibit a biphasic response to exogenous ATP that is differentiallydependent on extracellular calcium vs sodium influx. The initial transient release appears to be through P2X2 and/or P2X3 receptors and is dependent on extracellular calcium, whereas the sustained release appears to be mediated by P2X7 receptors and is dependent on extracellular Na + . Thus, these receptors might be localised not only to different terminal types, but also to different areas of the same terminals. P2X2 and/or P2X3 receptors could be co-localised with release sites and thus Ca 2+ entry through them causes release. By contrast, P2X7 receptors could be localised away from release sites, so that only Na + entry through them causes release via a different mechanism. 15 The role of P2X4 receptors is questionable because none of the blockers used in this or other 13 studies affects its function.
In conclusion, P2X2 and/or P2X3 receptors potentiate AVP release through the influx of calcium through their channels, whereas P2X7 receptors can only affect AVP release at higher concentrations of ATP and via influx of sodium through its channels. 23 Importantly, extracellular Ca 2+ is depleted during bursting stimulation of neuropeptide release from these NHTs 16 and so these differences in dose, kinetics and intracellular mechanisms could play an important role during such physiological activity. 24 Because bursting also stimulates the release of many other transmitters, these differences might be important for synaptic function at other central nervous system terminals.
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